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ABSTRACT

We carryout a first systematicstepin assessingyia multiparticle tracking simulations,the
effectsof the beam-beaninteractionfor the APIARY 6.3D andAPIARY 7.5 designsof PEP-II
whenthe nominal beam-beanparametersare not all equal. Specifically, we take two different
approaches in breaking the equality of these parameters: In the first one{gersefoy += o+
and ox,—= Soy,—= ¢o0-with §p+# {o— In the secondipx += Sox,—= Sox and oy, += Soy,—= oy
with éox # &oy- In both cases we maintain tpairwiseequality of the rms beamsizesat the IP,
and we keep the nominal luminosity fixeditst nominal value, £g = 3 x 1033 cm—2 s~1. Other
constraints are in effect, as explained in the text. Parasitic collisions with nominakbparation
are included. In each approach theredifferentimplicationsfor bunchcurrentsand emittancesas
the beam-beanparametersnove away from full equality. Theseimplications are spelledout but
are not evaluated. We conclude that: (1) In both cases only the vertical beam tsl@igrpficant,
and this blowup behaves smoothly as the beam-beam parameters move away from full €)uality.
In the first approach, the dynamics favéps~ 0.024 ég—= 0.04 overép+= {g—= 0.03. (3) In the
secondthe dynamicsfavors {gy = 0.023 {ox = 0.04 over {ox = oy = 0.03. In eithercase,the
resultant value for the dynamical luminosisy~10% higherthan that correspondingo the fully-
symmetric case,while the total currentof the low-energybeamapproaches A. Finally, we
present a conjecture for the behavior of the dynamics seen in the simulations.

1. Introduction

The PEP-II B factory desigi2 has beenspecifiedin sucha way that all four nominal
beam-beam parameters are constrained to be ddusispecificationis a particularchoicefor one
of the conditions of transparency symmetf/An important practicaimplication of this constraint
is thatit reducesconsiderablythe parametespaceand hencesimplifies the design.Furthermore,
this symmetry is generally thought to provide a prudent stgpting for the designof asymmetric
colliders since it makethe beam-beantdynamicsresemblethat of symmetric,single-ringcolliders
for which a body of experienceexists. From the theoretical perspective the situation is not

T Current e-mail address: eden@geophys.washington.edu.



completelysettled:it hasbeenargued,from generalprinciples, that the global beam-beamimit
(understoodo meanmaximum integratedluminosity at a fixed overall cost) in an asymmetric
collider canonly be reachedunder asymmetricconditions® On the other hand, a single-particle
hamiltonian analysis for round beams in the linear-lattice approximation leadsctmttiesionthat
the beam-beam limit is reached under a rather stringent, symmetric, set of cofditions.

In any case,the design of the B factory must strike a compromiseamong competing
requirements from different areas the design.This compromiserequiresaccommodatingertain
constraintssuch as thosearising from single-particlenonlineardynamics,synchrotronradiation
masking,etc., that may affect an idealizedoptimization of the beam-beamnteraction.In fact, the
currentdesignof PEP-II doesnot rigorously satisfy any set of transparencyconditions. Early
simulation studies showed that a transparent-symmetric PEP-II design would havieiéttesity
performance than a design in which the symmetry is badly bfoRarce the current desideaks
the transparency symmetry to some extent, it seems natural to expadoaldeparturegrom full
equality in the beam-beam parameters, sihiseequalitythat hasso far beenmaintainedt.2.4,7-12
We stressthat tracking simulationsfor the nominaldesignsfor APIARY 6.3D and APIARY 7.5,
with éox += oy += éox— Soy—= 0.03, haveshownacceptablelynamicalluminosity, with £~2.6
x 1033 cm2 s~1 for the former’ and £~2.8 x 1033 cm2 s-1 for the latter8 Thus we are not
motivatedby an improvementin this sense.Rather,we would like to explore whetherthe beam
dynamicsnaturally favors other valuesfor the beam-beanparametersThe conjectureis that, if
these parameters were chosen according to the preference exprebsatlybgmicsthe operation
of the machine would bemootherandits performancemorereliable. Of coursetherewould be a
cost associatedwith this potential improvement.Neither the cost or the potential increasein
reliability are investigated in this note.

In this notewe presenta first systematicalthoughfar from complete,assessmemf the
beam-beam effect on the luminosggrformanceof PEP-II for the interactionregion(IR) designs
APIARY 6.3D and APIARY 7.5 with unequalbeam-beanparametersSpecifically, we take here
two different approaches in breaking the equalityhe beam-beanparameterstn approachA, we
setéox,+= Soy,+= S0+ and éox = Soy = o With §o+# o~ In approachB, &ox+= Sox—= Sox and
éoy,+= Soy~= Soy With &ox # &py. In both casesve maintainthe pairwiseequality of the rms beam
sizes at the interaction point (IP), and we keep the nominal luminosity fixschaiminal value,£o
= 3 x 1033 cmr2 51 In approachB the transparency-symmetrgonstrainton the beam-beam
parameterss respected, but this is not the casein approachA. Otherconstraintsarein effect, as
explainedbelow. We presentour resultsin the form of plots of the beam-beam-inducetieam
blowup o/0g vs. éo+ (approach A) ovs. éoy (approachB). Parasiticcollisions (PCs)with nominal
beamseparatiorareincludedin thesemultiparticle simulationstudies.In eachapproachthere are
different implicationsfor bunchcurrentsand emittancesas the beam-beanparametersnove away
from full equality. These implications are spelled out but are not evaluated.

We conclude that: (1) Iboth approachesnly the vertical beamblowup is significant,and
this blowupbehavesmoothlyasthe beam-beanparametersnove awayfrom full equality.(2) In
the first approachthe dynamicsfavors ép+= 0.024 ép—= 0.04 overép+= éo—= 0.03. (3) In the
secondthe dynamicsfavors éoy = 0.023 &ox = 0.04 over éox = oy = 0.03. In either case,the



dynamicalvalue of the luminosity is slightly increasedrom the valuescorrespondingo éox +=
éoy+= ox—= éoy—= 0.03:for APIARY 6.3D the dynamicalluminosity at the preferredvaluesof
the &y parameters i€~3.1x 1033 cnmr2 s-1 andfor APIARY 7.5it is $£~2.9-3.3x 1033 cmr2 s-1
(the dynamical valuean be largerthanthe nominalvalue of 3 x 1033 cm2 s-1 on accountof the
“dynamical beta-function effect”).

An optimizationstudy alongthe lines presentechere,and an evaluationof the designand
cost implications of unequal beam-beam parameters, fall wholly outside the scope of this note.

2. Assumptions and constraints

All basic lattice anchominal beamparametergfor the casein which §ox += oy += Sox—=
¢oy~=0.03) arelistedin Table1 (APIARY 6.3D) and Table 2 (APIARY 7.5). When the beam-
beamparametersare not all equal,the actual values of other parametersvary accordingto the
approachtakento breakthe equality of the beam-beanparametersas explainedbelow. Here are
our assumptions:

In all casespresentedherewe havelookedat only oneworking point;” namely(vx ,vy ) =
(0.64,0.57) for both beamsfollowing the resultsof previoustune scans? We consideronly the
linear approximationto the lattice, which is thereforefully describedby the tunes,the lattice
functions at the IP and PCs, and ihterveningphaseadvancesWe imaginethe lattice divided up
into two symmetrical “short” arcs, from the t& eachof the two PCs,andone*“long” arc,from
one PC to the other. The lattice tune is set by adjusting the phase adviduederaj arc; the phase
advancegv of the short arcs are fixed.

The RF wavelength ARF, is 0.6298 m, and we consideronly the nominal value for the
bunch spacing, namelgs = 2Arp= 1.2596 mAs a result,the collision frequencyf; is alsofixed
at its nominal value of 238 MHz, and the first PC occurs at a distace 0.6298m from the IP.
The beamenergyE, bunch length gy, rms energy spread og/E and synchrotrontune’ vs are
different for the two beams. On the otli@nd,the horizontaland vertical dampingtimes are equal
to eachotherandin the two beamslIn the simulationswe hold all theseparameterdixed at their
nominal values, stated in Tables 1 and 2.

We maintainthe restrictionthat the nominalrms beamsizesat the IP should be pairwise
eqgual, namely

O0x,+= 00x,—= O0xs Ooy,+= Ooy,—= Ooy (1)

* This is the so-called “bare lattice” working point. The simulations here do not involve any form of tune
compensatiort?

T For historical reasons that are now irrelevant, we use a value of 0.0403 for the synchrotron tune of the
LEB. In fact, the CDR specifies a value of 0.05. In Ref. 8 it is shown that simulations with a value of
0.05 yields slightly better performance.



although their actual numerical values may vary away fturselisted in Tables1 and2 whenthe
beam-beam parameters are not all equal. The beta functiondR lbevever,remainfixed at their
nominal values throughout these studies,

Bys=37.5cm, By_=75.0cm

X S (2)
By+=1.5cm, By =3.0cm
As mentionedabove,we havefollowed two approacheso breakthe equality of the beam-

beam parameters, namely

Approach A: oy +=Soy,+=So+, éox,—=¢oy,-=¢0-,  &o+%&0- (33
or

Approach B: &ox +=¢&ox,—=¢ox, EOy,+:EOy,—EEOy, EOX¢EOy (3b)

In orderto fully determinethe primary set of four parametersogx, goy, N+ and N_ underthese
constraints, it turns ot that we need three additional numerical inputs.diM@oseone of themto
be the nominal luminosity, which we fix & nominal value,

#o=f N, N

—+ = =3x10® m%s?
¢ 4m0, 0, (4)

The remaining two inputs are the nominal beam-beam parangeteés— (Approach A) oréoy, oy
(ApproachB). As mentionedabove,we presentour simulationresultsby plotting beamblowup
againstéo+ or éoy, dependingon the approachThis meansthat o+ or éoy is givenin eachrun;
therefore the only additional parameter that needs to be specifgmiséox. We have adoptetthe
prescription that this parameter is determined by

&0+060-=0.03? (58]
or

$ox l:IC?Oy:o-O32 (5b)

dependingon the approachtaken. It should be emphasizedhat thereare no a priori physical
reasons for this prescription. From the purely mathematical point of view, all algotitatfis o
or éox are equivalent,including specifications“by hand.” Of course, each algorithm entails
different sets of beam dynamics results and different implications for the othepheametersit
this stage of our studies, prescription (5) is an arbitrary but convehieice;its only virtue is that
it allows a smooth extrapolation away from the nominal cise, o= 0.03 orépx = éoy= 0.03.

For eachset of valuesof the nominal beam-beanparametersve determinethe resultant
numberof particlesper bunchand nominal emittancesandwe run a simulation.We useherethe



simulation code TR&3whose details arexplainedin Ref. 1. In the casegpresentecherewe have
chosen256 superparticleper bunch,divided into five slicesin orderto representhe thick lens
effectsin the beam-beaninteraction.We haverun the simulationsfor 25,000turns, or about five
dampingtimes;the beamblowup is determinedoy averagingover the last 2,500turns of the run.

The code was run on a Cray-2S/8128computer at NERSC. Under these conditions (256
superparticles per beam, 5 slices and 25,000 turns), each run takes ~22 CPU min, andithe CPU
scales approximately linearly in any of these three variables in this parameter regime.

3. A note on transparency symmetry
In a basic form, transparency symméirgnsists of four conditions, namely

(i) pairwise equality of nominal beam-beanparameterséoyx+ = &ox—
andéoy+ = oy~

(i) pairwiseequality of nominalbeamsizesat the IP: gpx + = 0px — and
O'Oy,+ = on,—

(iii) equality of damping times of the two rings: = Tx-andry+ = Ty

(v) equality of the tune modulation amplitudes due to synchrotron

oscillations: 6 vy/BH)+= (or vy BH)- and Ervy/BR)+= (orve BR)-

In our studies here conditions (ii) and (iii) aatisfiedin both approachesCondition (i) is
satisfied in approach B but not in approach A. Even in approach B, however, transpateokegn
becauseondition(iv) is not satisfiedby the design:the parametersn Tables1 or 2 violate these
equalities at the ~40% level,

Lo ,v U

B E-lelOS B_,B E—69><104
(6)

DJ/VSD — -2 DG/VSD — -2
(s =26x1072, Zs— =1.7x10
48y H afollsl

Therefore,transparencysymmetryis never exactly satisfiedin these simulations,nor in
most of the previous beam-beam simulation stubife$./—12



4. Determination of the nominal beam sizes and currentsin each approach

4.1 Approach Aéox= éoy but éo+# éo-

In this case it is easy to see thta inequality {o+# o Subjectto the constraintséox= Soy,
£o =3 x1033 cm2 s and &y+- &= 0.02 is achievedby simply changingthe numbersof
particles per bunch at fixed nominal emittance in sualathat the productN+- N_ remainsfixed
at its nominal valud\s- N_ = 21.833x 1020, Thus inthis approactthe emittancegemainconstant
at their nominal valuesas the beam-beanparameterssary away from 0.03. Of course,the PC-
induced beam-beam parameters change because they dep&nd on

Explicitly, taking Eq. (5a) into account, the scaling relations are:

N.,=5.630x 1010x 0-03) (7a)
o+
— 0 EO,+)
N_=3.878x10! X(O.O?) (7b)
Oox= constant 485.6 um (7c)
Opy= constant 7.4 um (7d)

The total beam currents resulting from MNie and theo’s are plotted in Fig. 3.

4.2 Approach BZp+= &o_but éox# oy

In this case the variation tiie beam-beanparameterawayfrom completeequality entails
changes both in the numbergsrticlesper bunchandrms beamsizes.One findsl4 the following
scaling formulas:

Ni:[NiJnom.xf(EOy) (8a;
00x=| O0xnom X é(g)ys)xf(EOy) (8b)
Toy=/ Goylnom X 0-03)><f(50y) (8c)

Oy

wherethe quantitiesin squarebracketswith the subscript‘nom.” arethe nominal designvalues,
i.e., those corresponding £ox = oy = 0.03 (Tables 1 or 2), ari€oy) is the function

1+r
(&)= 2 ©)
Soy ,0.03,
0.03 " g, B



whererlg is the beta-function ratio,

Bx |+ \Bx )-
Again, the total beam currents resulting fromifeand theo's areplottedin Fig. 3. Now

since the betafunction ratio is quite small for PEP-II (rg= 0.04), the function f(§oy) can be
approximated by

f(&oy) =90:03 (11)
Oy

with an accuracy better thab% over the rangef valuesof interestfor the beam-beanparameter,
namely 0.0 épy < 0.05. Thus we find the following approximate scaling relations:

Ntz[Ni}nom.xo'OB (12a
EOy

Oox=constant| ox/nom. (12b’

2 \

O'Oy:[UOanom.x(O'OS) (12c
EOy

5. Discussion of the results

We now compare the results for the four cases by lookitigegiots for the beamblowup
o/ap vs.éo+ (Approach A) owvs. oy (Approach B) for both designs. As mentioned earlierkeep
the PC separatiorfixed at its nominalvalue,d = 2.82 mm for APIARY 6.3D or d = 3.5 mm for
APIARY 7.5.

Figure 1 showsthe simulationresultsfor beamblowup in approachA for both designs.
Figure 2 shows the corresponding results for approach B. In the plots the arrow‘labetedal”
indicatesthe situation correspondingo éox += éoy,+= Sox—= ¢oy—= 0.03. Both sets of results
showthat the horizontalbeamdynamicsis not sensitiveto the choice of beam-beanparameters
within the range of values we have chosen. The vertical dynaoni¢se other hand,clearly prefers
unequal beam-beam parameters.

In approachA, the vertical beam blowup for APIARY 6.3D shows a minimum at
¢o+= 0.023which corresponds, according to Eq. (5a¥de= 0.039. Likewise APIARY 7.5 shows
a minimum at p+= 0.026.We do not understandhe spikesin the blowup curvesat ép+= 0.021;
we conjecture that these are caused by the excitation of a resonancentVemtberstandvhy the
vertical blowup curve for APIARY?.5 comesdown to almostunity (i.e., almostnominal behavior)
at &o+= 0.020; for this value of &p+ the HEB experiencesa beam-beanparameterép_= 0.045,



which seemgathersubstantialin approachB (Fig. 2), APIARY 6.3D preferséoy = 0.023 éox
=0.039 and APIARY 7.5 prefe&y = 0.024 &ox=0.038.

As mentionedin Section 4, departuresfrom full equality of the nominal beam-beam
parameterentail consequencef®r the currentsand nominalemittancesFigure 3 showsthe total
beam currentand nominalrms beamsizesat the IP plotted againstéop+ or éoy, dependingon the
approach. In translating the number of particles per bunch intdedaicurrentwe haveassumed
that the beams have no gaps, we have assumdtiat eachbeamhas1746 identicalbuncheswith
N+given by Egs. (7a-b) or (8a). The results forkreand thegg's are the samdor eitherdesign,
APIARY 6.3D or APIARY 7.5.

In approach A the rms beam sizes are constant édieraries, as stated in Eq3c-d), and
the HEBand LEB currentsare proportionalandinverselyproportionalto ép+, respectively.These
guantities are shown in the two left-haside plotsin Fig. 3. In approachB both the nominalrms
beam sizes and currents have nontrivial dependenés,cas stated in Egs. (8). The setafs. (8)
(not the approximations (12)) are plotted in the two right-hand side plots in Fig. 3.

Tables3 and 4 summarizethe resultsof modifying the designsof APIARY 6.3D and
APIARY 7.5in suchaway asto accommodat¢he above-mentionegreferenceexpressedy the
dynamics seen in the simulations. Also listed is the dynamical luminosity in each case.

TABLE 3: Modified nominal beam-beam parameters, rms beam sizes at the IP and
total beam current in approach A, along with estimated dynamical luminosity.

APIARY 6.3D APIARY 7.5

LEB (e) HEB () LEB (e*) HEB (&)
ox 0.023 0.039 0.026 0.035
oy 0.023 0.039 0.026 0.035
Oox [HM] 186 186 186 186
oy [Um] 7.43 7.43 7.43 7.43
r =0oy/ Oox 0.04 0.04
| [A] 2.8 1.1 2.5 1.3
£ [cm2 s ~3.1x 1083 ~3.3x 1033

TABLE 4: Modified nominal beam-beam parameters, rms beam sizes at the IP and
total beam current in approach B, along with estimated dynamical luminosity.

APIARY 6.3D APIARY 7.5




LEB (e*) HEB () LEB (e*) HEB (&)
&ox 0.039 0.039 0.038 0.038
oy 0.023 0.023 0.024 0.024
Oox [Hm] 181 181 182 182
ooy [Um] 12.3 12.3 11.4 11.4
I =0oy/ Oox 0.068 0.063
| [A] 2.7 1.9 2.6 1.8
£ [cm2 s ~3.1x 1033 ~2.9x 1033

6. A possible qualitative explanation

In order to try to gain some qualitativederstandingf the vertical blowup plotsin Fig. 1,
we havetried to correlatethemwith the total nominal beam-beanparameterswhich are plottedin
Fig. 4. Each one of the four total nominal beam-beam parameter is defined to be

¢o,tot = 0 +2¢0,pC (13)

where g is the nominalbeam-beanparameteat the IP (e.g, any of the parameterso+, o, oy,
or éox) andép pc is the beam-beanparameteinducedby the first parasiticcollision. &g tot iS the
total beam-beanparameteexperiencedy a particle at the centerof the bunchin one turn. The
factor 2 in frontof ép pc accountdor the fact that eachbunchexperienceswo PCsper turn, one
on either side of the IP.

In approachA, asseenin the two left-handsideplotsin Fig. 4, the two total beam-beam
parameter®f the LEB (solid and dotted lines) are proportionalto ép+, while thoseof the HEB
(dashed and dot-dashed lines) are inversely proportiodglt@ecauseof the oppositefunctional
dependencehe curvesnecessarilycross. The crossingpoint correspondgo the situation where
neither beam is “strong” or “weaki.t., the two beams are balanced. By equattiegexpressions
for Soy+ tot andéoy- tot (intersection of the dotteaind dot-dashedines) we find an expressiorfor
the balance point for the vertical dynamics,

¢o+ pal= [Eo}nom XA {E()y—mﬂ (14)
50y+,tot nom

where the quantities inside the square brackets with the sulfsaipt arethosethatcorrespond
to &g+= ép—= 0.03. For APIARY 6.3D we obtain, from Table 1,

. _ 0.0347 -
APIARY 6.3D:  &oubar = 0.03 1/ 0-0337 = 0.0255 (15)

while for APIARY 7.5 we obtain, from Table 2,



. - /0.0331 —
APIARY 7.5:  &p+ pa= 0.03% 00424 0.0265 (16)

These balancpoints correlatewell with the minimain the vertical blowup curvesexhibitedby the
simulationresultsin Fig. 1. It seemsreasonablgo conjecturethat, in general,the balancepoint
would yield optimum performance, under the approximations in effect in our studies.

We must point outhat, in this approachthe fact that o+ bal is differentfrom the nominal
value 0.03 is due to the inequality of the beta functions at the e designwere suchthat 85} +
= ﬁ@,_ thenthe betafunctionsat the PC would also be equal: Consequentlyoy+ tot =0y, tot
would obtain, and Eq. (14) would then yiglgh ba= 0.03.

In approach B the total vertical beam-beam parameters for the two beaetsgether,and
do not cross.However,the total vertical and horizontal beam-beanparametergor eachbeamdo
cross,andit seemgeasonabléhat this crossingshouldbe declaredthe balancepoint within this
approachA calculationfor the LEB, usingthe approximationgiven by Eq. (11) for f(¢oy) yields,
for the equality 0€oy+ tor andéox+ tot (intersection of the dotted and solid lines),

oy,bal = V [EO(EO"‘ZEOH,PC—260y+,PC)}nom (17)

By using the entries from Tables 1 and 2 we obtain the numerical values

APIARY 6.3D: &gy pai=" 0.03x(0.03+2x (~0.000544-0.009097) =0.0179 (18)

APIARY 75! Zoypai=" 0.03%(0.03+2x (~0.000336-0.006200) =0.0225 (19)

which, again,correlatewell with the minimain the vertical blowup curvesfor the simulationsfor
approach B shown iRig. 1. In this approachthe balancepoint would be nontrivial (i.e., different
from 0.03) even i3+ = B,

7. Conclusions

We havecarriedout only two studiesof departuredrom full equality of the beam-beam
parametergor PEP-II. We have constrainedhe two approacheso that thereis only one free
parameterand we havenot attemptedany sort of optimizationalongtheselines. In particular, we
have maintained the beta functions at the IP at their nominally-specified values.

Because of the nature thfe approximationsnvolved in thesestudies,we cannotguarantee
the validity of the quantitativedetailsof the resultsin Figs. 1 and 2. Neverthelesst seemsclear,
from the overall qualitative featuresof the results,that the beamdynamicsprefersunequalover
equal beam-beam parameters.

* This would be exactly true for APIARY 7.5 but only approximately true for APIARY 6.3D.
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Under theconstraintsof approachA, the preferencas for a smallerbeam-beanparameter
for the LEB than for the HEB. We conjectutt this preferencds probablydueto the inequality
of the PC-inducedbeam-beanparametersThis inequality, in turn, is a consequenceof the
inequality of the betéunctionsat the IP, 3%# # BQ,,_ If the PEP-II designwere changedwithin
the constraintsof this approachin order to satisfy the preferenceexpressedy the beam-beam
dynamicsthe total beamcurrentswould needto be ~1.1-1.3A and~2.5-2.8A for the HEB and
LEB, respectivelyandthe nominal rms beamsizeswould remain unalteredfrom the nominally-
specified values.

Underthe constraintsof approachB, the preferencas for a vertical beam-beanparameter
that is smaller than the horizontal. This result is qualitatively consistentwith the operational
experienceof existing colliderssuchas CESR1% If the PEP-II designwere changedwithin the
constraintsof this approachn orderto satisfy this preferencethe total beamcurrentswould be
~1.8-1.9 A and-2.6-2.7 A for the HEB and LEBgspectivelyandthe nominalrms beamsizesat
the IP would begpy ~11-12um andopx ~181-182um. We conjecturethat this preferencevould
still hold true in a more symmetric case, V\ﬁ@,+ = [3@,_

In either approach, the total current of the LEB becomes significantly largatshatue of
2.15A for the fully-symmetric case(éox,+= Soy+= ¢ox,—= éoy,~= 0.03) at the point preferredby
the dynamics. And, in approach B, the HEiBrentapproache® A, which shouldbe comparedo
1.5 A in the fully-symmetricase.The estimatefor the dynamicalluminosity from the simulations
is¥ 3x1033cm2sLl It is slightly largerthanthe nominalvalue,£o = 3 x 1033 cnt2 s71, on
accountof the dynamicalbeta-functioneffect: a calculationshows that all four dynamical beta
functions at the IP are smaller than the nominal ones for the working point wehtsent6 If the
emittancesdid not blow up, or if they blew up by a smallamount,£ would be dominatedby the
dynamical beta-function effect, and would be larger thanThis is undoubtedly thexplanationof
our simulation results.
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TABLE 1

APIARY 6.3D PRIMARY PARAMETERS
Nominal CDR case;¥o=3x 1033cm2sl; &=0.03

LER (et) HER (e)
$olecm2s] 3x1033
C[m] 2199.32 2199.32
E [GeV] 3.1 9.0
sg [M] 1.2596 1.2596
fc [MHZ] 238.000
VRE [MV] 8.0 18.5
frRE [MHZ] 476.000 476.000
@s [deg] 170.6 168.7
a 1.15% 10-3 2.41x 10-3
Vs 0.0403 0.0520
oy [em] 1.0 1.0
oe/E 1.00x 10-3 0.616x 10-3
N 5.630x 1010 3.878x 1010
I[A] 2.147 1.479
&ox [nm-rad] 91.90 45.95
oy [Nnm-rad] 3.676 1.838
B x [m] 0.375 0.750
By [m] 0.015 0.030
0 0x [um] 185.6 185.6
olby [um] 7.426 7.426
Ty [turns] 5,014 5,014
Ty [turns] 5,014 5,014
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TABLE 1 (contd.)

APIARY 6.3D IP AND PC PARAMETERS
Nominal CDR case;¥o=3x 1033cm2sl; &=0.03

LER (e") HER (&)
As[cm] ) 62.9816
d [mm] @ 2.82

P 1st PC IP 1st PC
Avx d) 0 0.1643 0 0.1111
Awy @) 0 0.2462 0 0.2424
Bx [m] 0.375 1.51 0.750 1.30
By [m] 0.015 25.23 0.030 13.01
ay 0 —2.42 0 ~1.06
ay 0 -29.25 0 -18.74
Oox [HmM] 185.6 372.4 185.6 244.4
ooy [HM] 7.426 304.5 7.426 154.6
Oox [mrad] 0.495 0.646 0.248 0.274
ooy [mrad] 0.495 0.353 0.248 0.223
d/oox 0 7.570 0 11.538
ox 0.03 —0.000544 0.03 ~0.000234
oy 0.03 +0.009097 0.03 +0.002345
Eox,tot P) 0.0289 0.0295
oy tot?) 0.0482 0.0347

a) The first PC occurs atdistanceAs and at a phaseadvanceAv from the IP. At
this point the nominal orbits are separated horizontally by a distance

b) The total nominal beam-beam parameter is defined &g L= Eé"j) +2§épc3'
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TABLE 2

APIARY 7.5 PRIMARY PARAMETERS
Nominal DU case; £g=3x 1033cm2s1 &=0.03

LER (et) HER (e)
$olecm2s] 3x1033
C[m] 2199.32 2199.32
E [GeV] 3.1 9.0
sg [M] 1.2596 1.2596
fc [MHZ] 238.000
VRE [MV] 8.0 18.5
frRE [MHZ] 476.000 476.000
@s [deg] 170.6 168.7
a 1.15% 10-3 2.41x 10-3
Vs 0.0403 0.0520
oy [em] 1.0 1.0
o= = 1.00x 10-3 0.616x 10-3
N 5.630% 1010 3.878x 1010
I[A] 2.147 1.479
&ox [nm-rad] 91.90 45.95
oy [Nnm-rad] 3.676 1.838
B x [m] 0.375 0.750
By [m] 0.015 0.030
0 0x [um] 185.6 185.6
olhy [um] 7.426 7.426
Ty [turns] 5,014 5,014
Ty [turns] 5,014 5,014
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TABLE 2 (contd.)

APIARY 7.5 IP AND PC PARAMETERS
Nominal DU case; £g=3x 1033cm2s1 &=0.03

LER (&%) HER (&)

As[cm] ) 62.9816
d [mm] @ 3.498

P 1st PC IP 1st PC
Avxd) 0 0.1645 0 0.1112
Avy?) 0 0.2462 0 0.2424
Bx [m] 0.375 1.433 0.750 1.279
By [m] 0.015 26.46 0.030 13.25
ay 0 -1.680 0 -0.840
ay 0 ~41.988 0 —20.994
Oox [MM] 185.6 362.9 185.6 242.4
Ooy [HM] 7.426 311.9 7.426 156.1
Oox [mrad] 0.495 0.495 0.248 0.248
ooy [mrad] 0.495 0.495 0.248 0.248
d/oox 0 9.639 0 14.429
ox 0.03 —0.000336 0.03 —0.000150
oy 0.03 +0.006200 0.03 +0.001553
Eox,tot ) 0.0293 0.0297
oy tot?) 0.0424 0.0331

a) The first PC occurs atdistanceAs and at a phaseadvanceAv from the IP. At
this point the nominal orbits are separated horizontally by a distance

b) The total nominal beam-beam parameter is defined &g L= Eé"j) +2§épc3'
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